We present 7 adults atopic asthmatics that were referred due to repeatedly relapsing asthma requiring oral courses of prednisolone. All were steroid responsive yet steroid dependant and were screened for adrenal insufficiency after changes to inhaled therapy and other standard antiasthma treatments failed to improve the situation. All were deemed to be compliant. 4 used longterm intranasal steroids in addition to inhaled corticosteroids. No topical steroid creams were used by these patients. Adrenal suppression was examined via a 9 am cortisol level and a short synacthen test (using intravenous tetracosactide 250 mcg) along with measurement of ACTH (Adreno-Cortico-Trophic Hormone). The tests were performed in periods off prednisolone. We report the observed beneficial effects after treatment of the adrenal insufficiency with hydrocortisone acetate replacement therapy in these cases, and the benefit to their exacerbations, hospital admission and the requirement for prednisolone courses. These patients would have been stepped up to yet higher doses of inhaled steroids and even referred for anti-IgE treatment etc. Adrenal suppression is well described in the medical literature for asthmatics, but the beneficial outcomes of treating this are unknown. These 7 cases have been followed for up to 3 years since hydrocortisone replacement therapy. Most improved to a stable asthma without frequent exacerbations nor requirement for prednisolone and only 1 had a hospital admission.
Introduction
Adrenal suppression is the inadequate production of cortisol under physiological stress. It is rare in the general population and may present in a non-specific way [1] . Adrenal suppression as a consequence of oral corticosteroids was well recognized by the 1960's and became further apparent in asthmatics when oral steroids were weaned to Inhaled Corticosteroids (ICS) in the 1970's [2] . In the early days of ICS treatment for asthma, adrenal suppression from ICS was believed to be rare and a similar view was taken for Intranasal Steroids (NCS) [3] [4] . There are now over 60 case reports in the literature of ICS-induced adrenal suppression, mostly in children presenting in adrenal crisis (hypoglycaemia, hypotension, coma and fits); while some children presented with poor weight gain and growth [1] [5]- [7] . 91% of these cases involved the use of high dose (>500 µg) Fluticasone Propionate (FP) and it was believed that children may be more susceptible to adrenal suppression than adults [2] [3] [8] - [10] .
In adults, presentations with acute adrenal crisis involving ICS is rare and few specific symptoms are recognised, although biochemical evidence may be present. It is now accepted that high dose ICS do suppress the Hypothalamic Pituitary Adrenal (HPA) axis [7] [11] . 90% of deposited ICS is into the oral pharyngeal area and can be absorbed via the gut. There is generally a high first pass metabolism of gut absorbed steroids, but variation in this could explain susceptibility to adrenal suppression [11] .
Delivery of ICS via a large volume spacer (750 mls) has been shown to reduce biochemical adrenal suppression with improved 9 am cortisol and improved "Synacthen stimulation test results" (using tetracosactide 250 mcg) after 10 weeks of volumatic use [11] .
It is now believed that adrenal suppression may be significantly under estimated in patients with difficult asthma. At Leeds "difficult asthma clinic" in the United Kingdom, 8.7% of referred patients not taking oral prednisolone, had insufficient random cortisol levels with values below <50 nmol/l instead of an expected value above 120 nmol/l. These random cortisols were used as a guide to further investigation for adrenal insufficiency including early morning cortisol [4] .
In 2006, a very large case control study of ICS and oral steroids and their effects on adrenal insufficiency was published [2] . This study quantified the risk and showed a dose response relationship. Univariant analysis showed a single course of oral prednisolone to double the risk of adrenal insufficiency. This risk was dose related with an odds ratio of 2.0 per prednisolone course per year. After adjusting for oral prednisolone courses, ICS also increased the risk with an odds ratio of 1.3 after 90 days of continuous treatment [2] .
Previous studies have suggested that Intranasal Corticosteroids (NCS) have minimal effects on the HPA axis. The proportion of NCS that undergoes first pass metabolism is lower than ICS due to direct mucosal absorption and greater systemic concentrations especially for children, who often receive a higher µg per Kg dosage than adults [12] - [14] .
A study of ICS and NCS in children examined by a logistic regression model for HPA suppression showed daily ICS with NCS to have the greatest risk; with log daily nasal steroid dose the most significant predictor, due to direct systemic absorption through the nasal mucosa with an odds ratio of 3.7 for adrenal suppression with NCS [7] . They found the prevalence of adrenal suppression to be 35% in children on ICS and NCS with HPA axis suppression occurring after 6 -42 months on treatment. Obesity appeared protective as was a degree of noncompliance with ICS and NCS medication. The FEV-1/FVC ratio was found to be the only lung function significantly associated with HPA suppression and independent of cumulative dose of ICS and NCS. A child with a FEV-1/FVC ratio of <80% was four times more likely to have developed HPA suppression than those >80%. No correlation with HPA suppression and the number of oral steroid courses in the preceding year was recognised in these children [7] . The patterns of our presented cases are similar, with all cases showing relapsing asthma that appeared steroid sensitive yet steroid dependant, as will be seen from the case histories presented.
Currently no case studies describe whether recognising and treating underlying adrenal insufficiency has beneficial effects in difficult asthma. In this case series we followed 7 patients on adrenal replacement therapy for 2 -3 years and assessed the impact on their asthma exacerbations, steroid courses and hospital admissions. All gave their written informed consent.
Case 1 (Table 1)
Referred with difficult atopic asthma of 12 months duration prior to which she had been easily controlled in adulthood by inhaled seretide (1000 µg daily) for 15 years. In addition, she had "santers triad" with aspirin allergy, nasal polyps and asthma. She had smoked until 4 years before and described her asthma as well controlled during her time in the UK. When her asthma began at 16 years in Russia, she was left on oral prednisolone for 15 years, but weaned herself off prednisolone by age 30. After coming to the UK and commencing ICS-FP, she took no oral steroids, but did have constant betnesol nasal drops for her polyps. Her polyps had been a life long problem with regular Ear Nose and Throat (ENT) attendances and many polypectomies. Her last operation had been just before referral. Her CT scan showed extensive sinus disease. She was taking regular doxycycline for "repeat otitis media".
She described repeat infections of the chest with tightness and wheeze and sinus pain and felt feverish and would commence oral prednisolone. At her first attendance for the difficult asthma she was taking montelukast 10 mg and FP 1000 mcg/day. Her inhaler technique was corrected and she commenced oral vitamin D. Immune tests were normal. Skin prick tests showed her to be atopic (see Table 1 ).
Her chest X-ray was clear and spirometry essentially normal. Her frequent courses of prednisolone and persistent asthma relapse over 12 months had led to her referral.
She denied fatigue or exhaustion otherwise and said she was always energetic and worked as a teacher.
Her asthma stabilized with adjustments of medication and a change to BDP/formoterol combination (800 µg). Finally, she attended "prednisolone free" for her 9 am cortisol level. This returned at 11 nmol/l (normal range 250 -450) which was confirmed on repeat measurement.
A "Synacthen" test confirmed a wholly inadequate adrenal response and she was commenced on hydrocortisone acetate replacement. This stabilised her asthma without further oral prednisolone courses and she was well and all fever-like sensations ceased and oral antibiotics for the sinuses were stopped. Her frequent outpatient reviews ceased and were only needed for her hydrocortisone day curves. After stabilising her asthma, she was commenced on oral aspirin desensitization for her nasal polyps, and this resolved most of her ENT problems. It was felt that her nasal steroids over many years had added to the adrenal suppression.
Case 2 (Table 1)
A 49 years old lady referred with difficult asthma. She had long term nasal polyps and atopy from childhood, with a polypectomy 7 months before referral. She also had a history of longterm otitis media treated with doxycycline. Her chest X-ray was normal and she used regular symbicort and montelukast. Her father and siblings were also atopic asthmatics. She gave up smoking 4 years before.
She was in a cycle of asthma exacerbations, which responded well to oral prednisolone but relapsed within 2 weeks of their cessation. There would be an increase in chest tightness and wheeze and falling spirometry which was completely reversed by prednisolone.
Her skin tests showed her to be atopic. No immune deficiency was present on blood tests and her inhaler technique was good and compliance confirmed by her GP. She had long-term NCS for her polyps.
When first referred it was the grass pollen season, which could have explained her exacerbations, but even with house dust mite measures asthma control was difficult.
After 1 year of efforts to stabilize her asthma, a 9 am cortisol level was measured when off prednisolone. Her 9 am cortisol was low (Table 1 ) and the synathen test was equally abnormal. She was commenced on hydrocortisone acetate replacement.
Her asthma relapses ceased and she had no further oral steroids and was clinically stable. Her nasal polyps also improved. After feeling so well for 2 years she decided on holiday in Australia to discontinue her hydrocortisone acetate and within 1 week developed increased cough and wheeze with a fall in peak flow and returned to her treatment.
Case 3 (Table 1)
This 45 years old lady was referred in 2008 with subacute hypersensitivity pneumonitis (HP) with the onset after commencing an antidepressant (citalopram 20 mg). She had crackles in the lung fields with desaturation on walking and shadowing on her chest X-ray. Hypersensitivity pneumonitis was diagnosed on her HRCT chest scan.
She had mild atopic asthma which troubled her only in the grass pollen season. She had been treated with prednisolone for 9 months during 2008 on a weaning course with resolution of the HP condition and her SSRI was discontinued. She was reassured and discharged.
In June 2011, she was re-referred by her GP for breathlessness and wheeze for which she had already been commenced on oral prednisolone for 5 weeks. Her Chest X-ray was clear with no crackles in the lung field and no desaturation on exertion. No spirometry had been measured prior to the steroids being commenced and it was also the grass pollen season. In addition, she had recently re-commenced the same anti-depressant! Now the medical literature did contain reports of HP reactions to this drug not reported back in 2008. The drug was again stopped and substituted with a tricyclic antidepressant. Oral prednisolone was reduced and stopped after the grass pollen season.
At that stage her asthma continued to be problematic and relapsing without the influence of pollen or viruses and remained difficult for 2 years with frequent outpatient attendances.
In 2013, it was decided to measure her 9 am cortisol which returned low and a Synacthen test confirmed adrenal insufficiency. On hydrocortisone acetate replacement, asthma completely stabilised. The grass pollen "asthma" was then treated by pre-seasonal grass pollen desensitization with great benefits and no prednisolone use was required in the grass season. She has remained stable without any further problems with her asthma.
Case 4 (Table 1)
A 51 years old lady with a 30 years history of atopic asthma, which had been difficult to control for 18 months. She needed repeat courses of prednisolone for monthly exacerbations which became almost continuous with reduced spirometry along with cough and wheeze. She was unable to go to work for 6 months due to her degree of breathlessness and wheeze. She had still been smoking a few cigarettes and had struggled to completely stop. Upon referral, her GP had attributed the low spirometry to COPD rather than asthma. Medication and inhaler techniques were adjusted and maximised but she remained prednisolone dependant.
The likelihood of adrenal suppression was raised and a 9 am cortisol and synathen test were measured off prednisolone and shown to be abnormal ( Table 1) . She was commenced on hydrocortisone acetate replacement and her prednisolone requirement reduced and her asthma stabilised.
She returned to work and her spirometry recovered ( Table 1) . She found taking the hydrocortisone acetate three times a day difficult to remember leading to 2 exacerbations which reinforced her compliance. In the 2.5 years follow up she has complete ceased all smoking and her asthma has remained stable.
Case 5 (Table 2)
A 59 years old post office worker with atopic asthma for >10 years which was associated with perennial rhinitis, nasal polyps and aspirin allergy (santers triad). He was referred due to unstable asthma for 3 years by his GP. He had bronchospasm with a reduced PEFR along with sinus pain and discharge for which he took long-term doxycycline. He remained on prednisolone for most of 2013, relapsing if doses went below 10 mg despite maximal adjustment to other asthma therapy ( Table 2) . A 9 am cortisol and synathen test when off prednisolone was abnormally low. On hydrocortisone replacement the use of prednisolone ceased except for viral exacerbations, but he still had episodes of chest tightness and ongoing problems from his nasal polyps.
With improved asthma stability he was commenced on oral aspirin desensitization which stabilized these episodes of bronchospasm with improvement in his symptoms of nasal obstruction and quality of life for the first time in many years.
Case 6 (Table 2)
A 51 years old lady, with known atopic asthma and chronic rhinosinusitis for many years. For her nasal disease she used topical steroids and douching. Her asthma had been relapsing over the preceding 21 months with frequent episodes of cough and wheeze which improved with prednisolone. Following referral her asthma treatment was maximised and compliance was good. Tiredness was described off prednisolone along with relapses of her asthma by 2 weeks off treatment. This led to checking of a 9 am cortisol level and synathen test. Adrenal insufficiency was confirmed ( Table 2 ) and she was commenced on hydrocortisone acetate. Her asthma completely stabilised and prednisolone requirements ceased and she remained free of further asthma exacerbations since the treatment.
Case 7 (Table 2)
A 48 years old nurse, whose prior stable asthma had been difficult to control for 2 years. He suffered frequent exacerbations requiring back to back courses of prednisolone despite review and adjustment of regular asthma medication and compliance. Adrenal function was checked and his 9 am cortisol was low and the synathen test impaired. He was therefore commenced on hydrocortisone acetate replacement with adjustment according to his hydrocortisone day curves. This settled his frequent exacerbations, with only 4 short courses for prednisolone over the last 2.5 years for viral exacerbations.
Discussion
All 7 cases demonstrated steroid sensitive yet steroid dependant asthma with oral steroids required every 2 -4 weeks with relapse upon their cessation. All had frequent outpatient appointments for asthma and half used regular NCS. No specific symptoms of adrenal suppression were described such as fatigue or exhaustion [2] . All were tested for adrenal suppression once off prednisolone following a clinical decision to rule out the condition. 9 am cortisols were low and a stimulation test with tetracosactide was arranged in the medical investigation unit. The tetracosactide test (250 mcg) [12] was performed between 8-10 am with a 30 minute cortisol and ACTH level taken. A cortisol rise of 200 nmol/l above the baseline at 30 minutes is a normal response. None of these patients achieved that value.
When treated with hydrocortisone acetate replacement in divided doses (8 am, 2 & 5 pm), was commenced their relapsing asthma resolved. They were seen by our endocrinologists and their hydrocortisone day curve assessed after 4 weeks on treatment. All patients gave low but adequate hydrocortisone day curves which showed no over-treatment with hydrocortisone. This halted the requirement for repeated oral prednisolone rescue.
Outpatients and GP visits which had been frequent, were now reduced dramatically to those required only to monitor the asthma routinely and review the hydrocortisone day curve results with adjustments if indicated. 2 patients were able to embark on oral aspirin desensitization to assist their nasal polyposis. Case 3 was stable enough to have sublingual immunotherapy for her severe grass pollen allergy with great benefit. Over the 3 year follow-up, half the cases were able to reduce their hydrocortisone acetate by 5 or 10 mg a day, but none have recovered their adrenal function. Recognising and treating the adrenal suppression has clearly improved their life quality and made most cases easy to manage with prednisolone limited to viral exacerbations instead of monthly courses.
Adrenal insufficiency screening was fruitful especially as most of these cases could have been referred to difficult asthma clinics for consideration of anti-IgE therapy.
Much is written about high dose FP as a risk for adrenal suppression in children at doses > 500 µ/day [1] [6] . Cicesonide like FP has high receptor binding but no adrenal suppression is reported due to it high blood protein binding at 99%, leaving only 1% biologically active [3] Analysis of these 7 cases showed similar potential risk factors for adrenal suppression due to inhaled ICS, NCS and repeated courses of oral prednisolone due to relapsing asthma. No cases reported any recognised symptoms of adrenal insufficiency or adrenal crisis when off oral prednisolone, but simply demonstrated a relapse of asthma. Most cases remained in a cycle of prednisolone courses every 2 -4 weeks. This pattern was clearly the sign of insufficiency in these patients.
Conclusion
These adult asthmatics presented as difficult asthma that relapsed continuously once oral prednisolone ceased. There was high demand for regular asthma reviews in outpatients. Recognising and treating adrenal suppression stabilized their asthma, with most cases showing maintained improvement throughout the 3-year follow up. This could support an approach for screening adults with difficult asthma in case this is one manner in which the condition of adrenal suppression does manifest.
